INTRODUCTION
Lactic acid, a minor product in normal culture of Clostridium acetobutylicum, is accumulated in adequate conditions as much as eighty to ninety per cent of glucose consumed.
Moreover, lactic acid supplied to the growing culture of this organism is thoroughly fermented together with glucose. Not only under anaerobic circum stances, but also in the presence of air oxygen, Cl. acetobutylicum is capable of metabolizing lactic acid to some extent.
In the previous paper1) the formation of lactic acid by Cl. acetobutylicum was discussed in several aspects.
In all cases, in which lactic acid was formed, racemiase activity was detected in some measure, and lactic acid obtained was always optically inactive.
In this investigation, the resolution of characteristics of lactic dehydrogenase in this organism was carried out, and finally indicated the existence of D-type lactic dehydrogenase in this organism. Analysis of fermentation products and assay of race miase activity. Each products in cultured solution and in reaction mixture of cell-suspensions were analysed by the methods similar to those described in Part 1 . To assay racemiase activity, employed the manometric methods by Kitahara and Fukuil).
Assay of lactic dehydrogenase. Dehydrogenation of lactic acid was estimated in eva cuated Thunberg-Borsook's tube using methylene blue as a hydrogen acceptor.
Aerobically , amount of oxygen uptake was measured in Warburg's manometer with the reaction mixture similar to Thunberg-Borsook's method; that is, the dehydrogenation of lactic acid was translated into oxygen uptake, the latter was corresponding to reoxidation of reduced methylene blue , which accepted hydrogen from lactic dehydrogenase system . RESULTS AND DISCUSSION Introduction of lactic acid into glucose fermenta tion.
Glucose fermentation supplemented with lactic acid proceeded in some variations of the pro ducts. In this case, initially subjected lactic acid was rapidly decreased accompanying with the metabolism of glucose, and complete consumption of glucose was acquired. On the other hand , no growth could be observed in a medium employing DL-lactic acid as a sole carbon source . Table III  and Table IV. With glucose-grown cells the obtained from shaking experiments of cell suspensions with n-or L-lactic acid in the presence or absence of methylene blue in Warburg's manometer at pH 7.0 and 5.2 respectively. Oxygen uptake with L-lactic acid was indepen dent of the existence of methylene blue at each pH, and its velocity at pH 5.2 was somewhat higher than that at pH 7.0. On the contrary, methylene blue revealed intensive effect upon the oxygen uptake of D-lactic acid.
In the absence of the dye, oxygen uptake of n-lactic acid was very few. At pH 7.0, oxygen uptake of D-lactic acid in the presence of the dye increased linearly in process of time far rapidly than at pH 5.2. In various experiments, it was pointed out that the maximum oxygen uptake of D-lactic acid in the presence of methylene blue was observed at pH 7.0 to 7.2, and the optimal pH range for the oxidation of L-lactic acid was below pH 6.0. It it presumable that the responsibility of the dye for the oxidation of D-lactic acid is generally due to reoxidation of leucodye formed in the conjugation with Dlactic dehydrogenase as follows:
and this organism is negative in catalase activity, and pyruvic oxidase of this organism shows merely few activity at pH 7 as indicated in Fig.  6 , so that the reactions (I) and (II) would be actual in the experimental conditions described here.
On the whole, Cl. acetobutylicum seems to contain the two lactic acid metabolizing systems, one of them is independent to methylene blue and the other is corresponding to the dye. Baker6) reported the existence of L-a-hydroxy acid oxidase in animal tissues, which was as sumed to require flavin-mononucleotide as the cofactor and was distinguished from classical lactic dehydrogenase.
Mycobacterium phlei was pointed out to possess L-lactic oxidase. which contained prosthetic lavin-adenine-dinucleotide and catalyzed direct oxidation of L-lactic acid to acetic acid7-9). Such lactic oxidases in other bacteria were further reported by Yamamura et al.10) and Yagi et al.11, 12) . The foregoing fact that Cl. acetobutylicum oxidizes L-lactic acid without aid of any redox dyestuff would suggest the participation of such a lactic oxidase differing from classical lactic dehydrogenase. In this respect the responsibility of riboflavin, flavin mononucleotide and flavin-adenine-dinucleotide for L-lactic acid oxidation by this organism was investigated, but no appreciable effect was ob served. The isolation of L-lactic acid oxidizing system has been unsuccessful.
Distinctive action of Cl. acetobutylicum on D-and L-lactic acid. Table VI indicates the summary of stoichio metric analysis in the metabolism of D-and L lactic acid by glucose-lactate-grown cells of Cl. acetobutylicum. Following is the conclusion from the data in Table VI ; i) ferrous ion slightly accelerated the disappearance of L-lactic acid, ii) L-lactic acid is consumed to a greater extent more than D-isomer, iii) remaining lactic acid contained both types of optical isomers, and the proportion of optical antipode to total remainder (e.g. the proportion of L-lactic acid to the total in the experiment employing D-lactic acid as the substrate) is raised by pre-existing ferrous ion, iv) significant amount of pyruvic acid can be delivered from D-lactic acid, but the ac cumulation of this acid from L-lactic acid is negligible despite of larger consumption of L lactic acid more than D-isomer, and finally, v) both isomers of lactic acid are converted to equimolar acetic acid. Responsibility of racemiase for lactic acid meta bolism by Cl. acetobutylicum.
In the preceding articles it was pointed out that glucose-lactate-grown cells of Cl. acetobuty licum showed dehydrogenation efficiency on D and L-lactic acid in the same extent, despite of the predominant dehydrogenation of D-lactic acid by glucose-grown cells. Apparent velocity of dehydrogenation of D-lactic acid was ac celerated in parallel with the content of race miase activity. On the contrary, the possession of particular L-lactic acid oxidizing enzyme in of hydroxylamine is due to inhibition of race miase action preceding to D-lactic dehydrogenase action. In order to settle the problem, partial resolution of lactic dehydrogenase as well as racemiase was carried out. Cell-free racemizse was prepared from cultured filtrate of Cl. aceto butylicum by salting-out with ammonium sulphate (confer subsequent report). Extraction pro cedures of lactic acid dehydrogenase from this organism were described in Table VIII. As shown in Table IX , crude preparation of lactic dehydrogenase acted predominantly to D lactic acid, and dehydrogenated L-lactic acid by supplementing with racemiase though its velocity was still lower than that of D-lactic acid dehy drogenation.
It was therefore assumed that this organism dehydrogenated L-lactic acid through the serial action of racemiase and D-lactic dehy drogenase.
It was also discussed in preceding articles that this organism was capable of oxidizing L-lactic acid by any specific enzyme system which was different from D-lactic ehydrogenase. Summarizing the facts described above, the following metabolic sequence of both Dand L lactic acid, considering the interaction of D-lactic dehydrogenase and L-lactic oxidizing system through racemiase, could be postulated.
L-Lactic acid oxidation system
In this scheme, it is still doubtful whether pyruvic acid would be an intermediate in the oxidation sequence of L-lactic acid to acetyl compound or acetic acid, though pyruvic acid could scarcely be detected in L-lactic acid meta bolizing system as indicated in Table VI , Distinction of optimal pH supports the indivi duality of two types of lactic acid oxidizing (or dehydrogenating) systems. Moreover, it would emphasize the reliability of this scheme that the preference of oxidizing action on any one of the optical isomers of lactic acid was reversed by the addition of methylene blue, and that there could be observed no appreciable difference in dehydrogenation velocities between both optical isomers in the presence of sufficient amount of racemiase. Investigations on L-lactic acid oxida tion system are now in succession.
SUMMARY
Behaviours of acetone-butanol fermentation bacterium, Clostridium acetobutylicum, towards optically active lactic acids were investigated. As a rule, cells harvested from lactic acid sup plemented culture medium surpassed in meta bolizing lactic acid as compared with glucose grown cells. It was pointed out that Cl. aceto butylicum possessed D-lactic dehydrogenase by nature, and that L-lactic acid could be dehy drogenated after its conversion to D-isomer through the action of racemiase. In addition to D-lactic dehydrogenase, it was further indicated that this organism had another type of lactic dehydrogenase or oxidase, which was capable of oxidizing L-isomer with air oxygen in liberat ing acetic acid and carbon dioxide. Physiological action of racemiase as a mediator between two lactic enzymes, D-lactic dehydrogenase and D lactic acid oxidizing enzyme, was ascertained.
In addition, it is mentioned about pyruvic oxidase and partial inhibition by cyanide to lactic dehydrogenase.
